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Forensic entomologyAbstract: We reared Chrysomya albiceps (Wiedemann 1819) unadult stages (ﬁrst larval instar, sec-
ond larval instar, third larval instar and pupal stage) under four constant temperatures. Results
proved that increasing temperature from 20 to 25, 30 and 35 C reduced total larval stage duration
(9–6, 4.83 and 4.75 days, respectively) and pupal duration (7, 5.5, 4 and 1.5 days, respectively). C.
albiceps larvae at ﬁrst instar reached adult stage in the longest time at 20 C (16 days), and in the
shortest time at 35 C (6.25 days). The accumulation degree-day (ADD) at 20, 25, 30, 35 C for ﬁrst
larval instar were 8.86, 13.86, 18.86, 23.86 DD, for second larval instar were 10.5, 12, 17, 22 DD and
for third larval instar were 35.88, 42.08, 43.97, 56.43 DD. Heat requirements for larval stage at dif-
ferent temperatures; 20, 25, 30 and 35 C (49.68, 63.12, 75.01 and 97.47 DD) were more than the
pupal requirements at the same temperatures (39.78, 58.76, 62.73 and 31.02 DD). Total heat
requirements for C. albiceps to develop from the ﬁrst larval instar to adult eclosion were the lowest
at 20 C (89.46 DD) and the highest at 30 C (129.138 DD). Decreasing of temperature increased
larval body length at the same age. The development curves for C. albiceps were established at four
constant temperatures using larval length and the time since egg hatching.
ª 2015 The International Association of Law and Forensic Sciences (IALFS). Production and hosting by
Elsevier B.V. All rights reserved.1. Introduction
Chrysomya albiceps (Wiedemann 1819) (Diptera: Calliphori-
dae) originated from the Old World tropics and it is widely dis-
tributed in different regions of the world: Africa, South
America, many parts of Europe, Southwest Asia, East andNorthwest India.1,2 This blowﬂy was recorded in Saudi Arabia
especially in slaughterhouses, markets and garbage.3,4 It has
major medical and veterinary importance because it feeds on
cadaver and feces and can be a vector of viruses, bacteria, hel-
minthes. It can also cause myiasis in human and livestock.1,5
C. albiceps was recognized among the ﬁrst wave of the faunal
succession on human cadavers6–8 and was therefore valuable in
providing data for the estimation of minimum postmortem
interval (PMImin).
9–11 There were two ways to estimate the
PMI using entomological data; by predicting the sequences
of arrival and colonization of different species of insects on all rights
12 L.A.H. Al-Shareef, S.I.D. Al-Qurashidead body (long PMI), or by determining the age of immature
blowﬂies (short PMI) which can be assessed by calculating the
duration of larval development or body length (or weight).12–18
Since the development of immature insects highly depends on
its body temperature which is affected by ambient temperature
and heat generated by maggot aggregations,8,19 PMI is nor-
mally calculated by the accumulated degree day/hour
(ADD/ADH) model (means measuring of thermal time taken
to reach each development event K) which is associated with
basal temperature or development zero, Dz, (temperature
below which development ceases).20–22 In addition, the dura-
tion of larval growth varies according to the species on genetic
bases,23,24 and to the differentiation in geographical area.17,25
A thermal summation model relating larval growth rate to
temperature has been published for only few species.26–29,17
In this study we examined the growth parameters (duration
of unadult stages and larval body length) of forensic important
blowﬂy, C. albiceps (Wiedemann 1819) at single constant tem-
peratures and calculated the ADD/K required for sex develop-
ment events including ﬁrst larval instar, second larval instar,
third larval instar, total larval stage, pupal stage and the dura-
tion from ﬁrst larvae to adult eclosion.2. Materials and methods
2.1. Preparing insect colony
C. albiceps ﬂy was used for this study. It was collected from
decomposed carcasses of domestic rabbit located in a garden
at the northern side of Jeddah. Jeddah city is located on the
west coast of the Kingdom of Saudi Arabia (latitude 29.21
north and longitude 39.7 east), in the middle of the eastern
shore of the Red Sea south of the Tropic of Cancer. The ﬂies
were caught by entomological nets and immediately
transferred into glass jars, then brought back to laboratory of
Entomological ResearchUnit at Science College for Girls, King
Abdulaziz University in Jeddah. Flies were reared in a metal
cage (30 · 30 · 30 cm3); upper, frontal and back side made of
transparent plastic, lateral sides covered with a ﬁne metal net.
The front side of the cage was provided with a cotton cloth
sleeve for access to exchange of food dishes. The cage was
supplied with food for adult ﬂy consisted of skimmed powder
milk and 10 · gm sugar in 100 ml water, and was put in a Petri
dish. Approximately 25 gm of fresh beef meat was provided in
the cage every 24 h as an oviposition medium and larval food.
The rearing cage was kept in laboratory conditions at 25 C,
75% RH and a photoperiod of 12 h light:12 h dark.
2.2. Larval rearing cage
Eggs were collected within 30 min of oviposition and were put
in a small rearing cage (15 · 12 · 11 cm3), this cage was made
of transparent plastic in lower and lateral side, but the upper
face was covered with ﬁne metal net for ventilation and to
prevent larvae from crawling out. A thin layer (2.5 cm) of
sterilized soil was put in a cage bottom. A piece of 25 gm of
beef meat was put on the soil for larval feeding, and each cage
housed only 30–40 larvae. The cage was kept in an incubator
at single constant temperatures (20, 25, 30, 35 C), 75% RH
and photoperiod of 12 h light:12 h dark.2.3. Estimation of development duration and ADD for unadult
stages of C. albiceps
Newly hatched larvae (approximately 1 h old) from insect col-
ony cage were placed individually in a plastic cup (4 cm in
diameter) containing 10 gm of minced beef meat covered with
muslin secured with a rubber band. About 30 replicates were
kept in an incubator at single constant temperatures (20, 25,
30, 35 C), 75%RH and a lighting cycle of 12:12 h (light:dark).
The replicates were observed every 24 h for noticing and
calculating the duration of all unadult stages, ﬁrst larval instar,
second larval instar, third larval instar (feeding and post-feeding
phase), total larval stage, pupal stage and the duration from ﬁrst
larvae to adult eclosion. Basal temperature or lower develop-
ment threshold temperature (Dz) was obtained from previous
studies. It was 9.72 C for ﬁrst larval instar,5 11.14 C for second
larval instar.24 Since the Dz value for third larval instar was not
available in previous studies, we used Dz for larval period,
they were 15.04 C by Queiroz30 and 13.92 C by Richards
et al.24 the average was 14.48 C. For pupal stage, Dz values
were 17.39 C,30 11.65 C5 and 13.65 C,24 the average was
14.317 C. Dz value for ﬁrst larvae-adult eclosion period was
15.38 C according to Queiroz.30
The ADD for each developmental stage was calculated
using the formula; ADD=D (Tm  Dz), where; D = dura-
tion of development (days), Tm = experimental temperature
(C), Dz = basal temperature (C), according to Higley and
Haskell.8
2.4. Measuring of larval body length
About 10 newly hatched larvae were randomly collected from
larval rearing cage every 24 h. For measuring the length of the
larvae, they were put in hot water (70–80 C) for 3–5 min. This
prevents larval shrinkage when preserved in 75% alcohol.
Body length of the larvae was measured to the nearest
0.01 mm under binocular stereoscope (Meiji binocular micro-
scope from Lica company).
2.5. Data analysis
The duration of ﬁrst, second, third larval instar, total larval
period, pupal period and the period from ﬁrst larval instar
to adult eclosion, length of the larvae every 24 h until pupae
onset were calculated using the mean (average ± standard
deviation), according to Arkin and Colton.31
3. Results
3.1. Development of C. albiceps at single constant temperatures
During this study C. albiceps was reared under four constant
temperatures (20, 25, 30 and 35 C), 75% relative humidity
and 12 h photoperiod, in an incubator at Jeddah city, King-
dom of Saudi Arabia. In all cases, development time for each
ﬁrst larval instar, second larval instar, third larval instar (feed-
ing and post-feeding phase), pupal stage and the duration from
ﬁrst larvae to adult eclosion are represented in Table 1.
Results showed that the development duration of the ﬁrst
larval instar was similar (1 day) under different temperatures
Table 1 The duration of developmental stages of Chrysomya
albiceps at constant temperatures, 75% RH and 12 h
photoperiod.
Life stage Mean duration (days)
20 C 25 C 30 C 35 C
1st larval instar (L1) 1 1 1 1
2nd larval instar (L2) 1.5 1 1 1
Early L3 (feeding phase) 4.5 3 2 2
Late L3 (post-feeding phase) 2 1 0.833 0.75
Total larval period 9 6 4.833 4.75
Pupal period 7 5.5 4 1.5
First larval instar to adult eclosion 16 11.5 8.833 6.25
Biological aspects of the blowﬂy Chrysomya albiceps 13(20, 25, 30 and 35 C). For second larval instar, development
time under each 25, 30 and 35 C was similar (1 day), but less
than at 20 C (1.5 day). The development time for feeding
phase of third larval instar was the longest at 20 C (4.5 days),
and became shorter by increasing temperatures to 25 C
(3 days), and both of 30 and 35 C (2 days) while, development
time for post-feeding phase in decreasing order were 2, 1, 0.833
and 0.75 days at 20, 25, 30 and 35 C, respectively. Total larval
stage duration reduced gradually by increasing the tempera-
ture, from 20 to 25, 30 and 35 C (9 to 6, 4.833 and 4.75,
respectively). In pupal stage, the duration of development
decreased by the increasing of temperatures, they were 7, 5.5,
4 and 1.5 days at 20, 25, 30 and 35 C, respectively. C. albiceps0
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Fig. 1 Comparison between development duration of unadult
stages of Chrysomya albiceps at constant temperatures.
Table 2 Development duration and thermal requirements (AD
temperatures, 75% RH and 12 h photoperiod.
Life stages Development duration (day)
20 C 25 C 30 C
1st larval instar (L1) 1 1 1
2nd larval instar (L2) 1.5 1 1
3rd larval instar (L3) 6.5 4 2.833
Total larval stage (L1  L3) 9 6 4.833
Pupal stage 7 5.5 4
First larval instar to adult eclosion 16 11.5 8.833
n= 30, for each temperature regime.larvae at ﬁrst instar reached adult stage in the longest time
when reared at 20 C (16 days), and in the shortest time at
35 C (6.25 days), this time were 11.5 and 8.833 days at 25
and 30 C (Fig. 1).
3.2. Thermal requirements for C. albiceps at single constant
temperatures
In general all stages of C. albiceps required more heat for
development when temperature increased (Table 2). The accu-
mulation degree-days (ADDs) required for ﬁrst larvae were
8.86, 13.86, 18.86 and 23.86 degree day at 20, 25, 30 and
35 C, respectively whereas, second larval instar needed 10.5,
12, 17 and 22 degree day to complete their development at
20, 25, 30 and 35 C. The accumulation degree day for third
larval instar increased gradually by rising temperatures, they
were 35.88, 42.08, 43.97 and 56.43 degree day at 20, 25, 30
and 35 C, respectively. The heat requirements for larval stage
at different temperatures 20, 25, 30 and 35 C (49.68, 63.12,
75.01 and 97.47 degree day) were more than heat requirements
for pupal stage at the same temperatures (39.78, 58.67, 62.73
and 31.024 degree day, respectively). Total heat requirements
for C. albiceps to develop from the ﬁrst larval instar to adult
eclosion were the lowest at 20 C (89.46 degree day), and the
highest at 30 C (129.138 degree day) which was higher than
the heat requirements at 25 C (110.63 degree day) and 35 C
(122.63 degree day).
3.3. Body length of C. albiceps larvae versus time from hatching
as a measurement of age
Table 3 demonstrates the average and range of C. albiceps lar-
val length every 24 h from egg hatching until pupation at con-
stant temperatures. It was clear that, the average length of
larvae increased gradually with larval growth until the end of
feeding phase of 3rd larvae, and then it becomes shorter during
post-feeding phase until onset pupation. When reared under
20 C, the larval length increased from 3.02 mm on the 1st
day from egg hatching to 14 mm on the 7th day, then it
becomes shorter (13.5 and 11.7 mm during post-feeding phase)
on the 8th and 9th day whereas, under 25 C, average larval
length increased from 3.04 to 12.9 mm on the 5th day, then
shrank to 11.3 mm on the 6th day. During exposure to
30 C, larval length increased from 3.02 mm on the 1st day
from egg hatching to 11.7 mm on the 4th day then it became
8.96 mm in post-feeding phase. When larvae reared underD) for six events of Chrysomya albiceps at single constant
ADD (C)
35 C 20 C 25 C 30 C 35 C
1 8.86 13.86 18.86 23.86
1 10.5 12 17.00 22.00
2.75 35.88 42.08 43.97 56.43
4.75 49.68 63.12 75.01 97.47
1.5 39.781 58.76 62.73 31.024
6.25 89.461 110.63 129.138 122.63
Table 3 Average body length (in mm) for different larval
instars of Chrysomya albiceps at constant temperatures, 75%
RH and 12 h photoperiod.
Time
from
hatching
(days)
Larval body length (mean ± S.D.)
20 C 25 C 30 C 35 C
1 3.02 ± 0.06
(2.9–3.1)
3.04 ± 0.06
(2.9–3.1)
3.02 ± 0.06
(2.9–3.1)
2.99 ± 0.05
(2.9–3.1)
2 5.03 ± 0.31
(4.5–5.4)
5.14 ± 0.33
(4.6–5.6)
5.69 ± 0.33
(5.3–6)
5.69 ± 0.31
(5.2–6)
3 5.7 ± 0.42
(5–6.2)
8.33 ± 0.47
(7.9–9)
7.23 ± 1.05
(6.2–9)
9.61 ± 0.92
(8.5–11)
4 7.9 ± 0.87
(7–9)
10.8 ± 3.77
(9–12)
11.7 ± 0.94
(10–13)
11.2 ± 0.63
(10–12)
5 9.4 ± 1.31
(7.5–11)
12.9 ± 0.99
(11–14)
8.96 ± 0.68
(8.5–10)
8.8 ± 0.78
(8–10)
6 12 ± 1.15
(10–14)
11.3 ± 0.9
(10–13)
7 14 ± 0.66
(13–15)
8 13.5 ± 1.84
(11–15)
9 11.7 ± 0.8
(11–13)
n= 10, for each temperature regime.
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Fig. 2 Mean body length of larval instars of Chrysomya albiceps
from hatching to pupation at different constant temperatures.
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day to 11.2 mm on the 4th day, and shrank to 8.8 mm in
post-feeding phase on the 5th day.
On the 1st day from egg hatching the average length of the
larvae was similar at 20, 25, 30 and 35 C (3.02, 3.04, 3.02 and
2.99 mm, respectively). But after 2 days from egg hatching the
range of larval length was not different at 20, 25 C (5.03,
5.14 mm), and at 30, 35 C (5.69 mm) whereas, on the 3rd
day, the body larval length differed between the four constant
temperatures, they were in descending order of 9.61, 8.33, 7.23
and 5.7 mm at 35, 25, 30 and 20 C while on the 4th day, the
average range of body larval length increased gradually from
7.9 mm (at 20 C) to 10.8 mm (at 25 C), then at 30 and
35 C (11.7 and 11.2 mm). On the 5th day from egg hatching
the average larval length was the longest at 25 C (12.9 mm)
and the shortest at 35 C (8.8 mm), while it was 9.4 at 20 C
and 8.96 at 30 C. On the 6th day from egg hatching the larvae
which reared under 30 C and 35 C turned into pupal stage,
but under 25 C they were still in post-feeding phase of 3rd lar-
val instar, whereas at 20 C the larvae were in feeding phase of
3rd larval instar. The average of larval length on the 6th day at
20 C (12 mm) was longer than at 25 C (11.3 mm). On the 7th
day, the larvae which reared under 25 C turned into pupal
stage, but under 20 C the larvae reached the highest length
(14 mm), then shrank to 13.5 mm and 11.7 mm in post-
feeding phase on the 8th and 9th day, respectively.
The means of larval length were plotted against time from
hatching for each constant temperature regimes (Fig. 2). It
was clear that after peak feeding (in the 3rd larvae), larval
length decreased until the onset of pupation, resulting in undu-
lating curve.4. Discussion
4.1. Development of C. albiceps at single constant temperatures
In this study we found that in general, the development dura-
tion of C. albiceps unadult stages decreased steadily with
increasing temperatures. The longest period from the 1st larvae
to the onset pupation was 9 days at 20 C and the shortest was
4.75 days at 35 C, while this period was 6 and 4.833 days at 25
and 30 C, respectively. Our ﬁnding was similar to the larval
stage duration for C. albiceps reared at 25 C which was
recorded by Grassberger et al.5 (8 days) and Velez and Wolff32
(8–10 days). In addition, this study assured by Augul and Jas-
sim33 who stated that the duration of C. albiceps larval stage at
30 and 32 C was 4 and 3 days, respectively. On the other
hand, the larval stage period for C. albiceps which was
reported by Queiroz30 at 18, 22, 27 and 32 C was 21.3,
10.61, 5 and 4 days, respectively whereas, Richards et al.24
found that larval period was 22.5 days at 17.5 C (as the long-
est period) and 5.5 days at 30 C (as the shortest period).
Likewise, our study proved that rising of temperature
effected on C. albiceps pupae, they tend to decrease the length
of duration by increasing temperature, the duration in
descending order were; 7, 5.5, 4 and 1.5 days at 20, 25, 30
and 35 C, respectively. Our result was in accordance with
Augul and Jassim33 who found that the maximum pupal
period for C. albiceps was 4.5 days at 32 C, and 5 days at
30 C. On the other hand, Grassberger et al.5 recorded pupal
stage duration as 12.9, 8.1, 5.9 and 4.6 days at 20, 25, 30 and
35 C. The pupal period which was reported by Queiroz30
was 9.36, 4.7 and 3.0 days at 22, 27 and 32 C.
In this study we found that the duration of C. albiceps life
cycle from egg hatching to adult eclosion was 16, 11.5, 8.833
and 6.25 days at 20, 25, 30 and 35 C whereas, Grassberger
et al.5 reported the duration from oviposition to eclosion for
C. albiceps as 19.2, 13.0, 9.9 and 8.3 at 20, 25, 30 and 35 C,
respectively. In previous studies the longest and shortest
recorded life cycle for C. albiceps were 18 days at 22 C and
7 days at 32 C by Queiroz,30 19.2 days at 20 C and 8.3 days
at 35 C by Grassberger et al.5 28.2 days at 20 C and 9 days
at 35 C from Richards et al.24 It was clear that because ﬂy
unadult stages were temperature-dependent8,19 the rising of
temperature caused accelerated development rate and decreas-
ing development time.
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temperatures
Results in this research proved that all stages of C. albiceps
require more heat for development when the temperature
increased. When reared at 30 C heat requirements for each
larval stage, pupal stage and adults eclosion were 75.01,
62.73 and 129.138 DD, respectively, in comparison with the
data provided by Shiravi et al.34 on the same stages of
C. albiceps reared at 28 C in Tehran city, which were 30–45,
62–93, 130–195 DD.
4.3. Body length of C. albiceps larvae versus time from hatching
as a measurement of age
From a recent study it was clear that, on the ﬁrst day from egg
hatching the average length of larvae was 3.0 mm at all temper-
atures (20, 25, 30, 35 C), this length increased daily with larval
growth and reached the highest average at the end of feeding
phase of 3rd larvae which were 14 mm (in 7th day) at 20 C,
12.9 mm (in 5th day) at 25 C, 11.7 mm at 30 C and 11.2 mm
at 35 C, (both on 4th day) respectively. Then larval body length
became shorter in post-feeding phase, before entering pupal
stage. Greenberg and Kunich35 stated that larvae of blowﬂy
were characterized by a decrease in size in post-feeding phase.
Richards et al.24 recorded the largest length of C. albiceps mag-
gots (16.2 mm) when reared at 25 C, but Velez and Wolff32
proved that the average of C. albiceps larval length increased
from 2.12 mm in the ﬁrst larvae to 10.75 in third larvae at
25.30 C. The difference from our study and others referred to
their using for preservative solution, it was known that using
70% of alcohol produces shrinkage of larvae, modifying their
size and the estimation of age using length.36
In addition, it was clear that C. albiceps larvae became
more lengthy by increasing the temperature at the same time,
the reason was, by rising temperatures the environmental
conditions became less favorable and maggots adjust their
developmental period in a trade-off between risk of mortality
and compromised body size.
The variation between our results and other studies can be
attributed by two possibilities namely differences in rearing
conditions, with reference to the diet of immature stages,
humidity and photoperiod, or because of the difference in pop-
ulations which differed in geographical latitude. Variations
have been observed in larval developmental time due to use
of different kinds of diets in feeding C. albiceps larvae.37,38
Likewise, variations of developmental time of C. albiceps were
recorded for geographical populations,17,24,25 this result
emphasizes on speciﬁc characterizations of regional develop-
mental time of species.
The results obtained in this study are the ﬁrst data ﬂies of
forensic signiﬁcance in Saudi Arabia. Because the present
study worked with species commonly found in the studied
area, the data from this study become an important database
for the application of forensic entomology in Jeddah, and
the results can be used in the solution of estimating the post-
mortem interval in forensic cases.
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